ABSTRACT
Introduction
Hemicelluloses are an essential component of plant polysaccharides. According to their origin, hemicelluloses are made up predominantly of heteropolymeric xylans, arabans, arabinoxylans, manans and galactomanans. Because of that, it is necessary to know and investigate all the enzymes which hydrolysе starch and hemicellulose (8, 13, 4) . Xylan biodegradation is performed by a xylanolytic enzyme complex, which is primarily produced by fungi and bacteria. Filamentous fungi have been widely studied, and the genus Aspergillus has displayed a great capacity to produce hemicellulases. A number of xylanases have been purified from а wide variety of microorganisms (14, 7) . The bio-degradation of the xylan backbone depends on two classes of enzymes. Endoxylanases (EC 3.2.1.8) are able to cleave the xylan backbone into smaller oligosaccharides, which can then be further degraded to xylose by β-xylosidases (EC 3.2.1.37). Both classes of enzymes, as well as their encoding genes, have been characterised from many organisms. (3, 15, 4) . Several different endoxylanases have been identified in Aspergillus. Although variation is detected in their molecular mass or temperature and pH optimum, endoxylanases also differ in their activity towards the xylan polymer. In several Aspergilli, three different endoxylanases have been identified. The best studied Aspergillus endoxylanases, with different substrate specificity, are the three enzymes from Aspergillus awamori. The fungal strain A. awamori is well known for its frequent use in the food industry for the production of xylanase enzymes (5, 4) . Many plants produce starch, a high molecular weight polymer of glucose. The starch is used by many microorganisms as storage of carbon and energy source. The starch molecule consists of two types of glucan polymers: highly branched amylopectin and linear amylase (5) .
Industrial producers of enzyme a-amylase are strains of the genera Aspergillus. enzyme catalyses the hydrolysis of internal α-1,4-links (7). The industrial production of microbial enzymes started more than 100 years ago with the patenting of a process for the production of alpha-amylase from the fungus Aspergillus oryzae. Conditions for the cultivation and production of the enzyme α-amylase from the parent strain Aspergillus oryzae PP on starch consisting media have been listed in previous publications of our team (8) .
Products of several of these species have obtained a GRAS (Generally Regarded As Safe) status, which allows them to be used in food and feed applications. The Aspergilli have a number of characteristics which make them interesting organisms for industrial applications, such as good fermentation capabilities and high levels of protein secretion. In particular, the wide range of enzymes Aspergillus produced by the degradation of plant cell wall polysaccharides are of major importance to the food and feed industry.
This work presents the partial purification and biochemical properties -molecular weight, pH and temperature optimum of enzymes endoxylanase from strains Aspergillus awamori K-1 and mutants strains A45 and α-amylase from Aspergillus oryzae PP and mutant strain R5.
Materials and Methods

Organisms and growth conditions
Aspergillus awamori K-1 and Aspergillus oryzae PP (Faculty of Biology, Sofia University, Department of Biotechnology) wеre preserved on Potato-dextrose agar and Sabouro agar, and after 10 days cultivation at 30°C. We used the mutant strains A45 and R5, which we obtained with UV irradiation and we cultivated them in the same media and conditions for 10 days.
Media and culture conditions
The production of enzyme endoxylanase was carried out in 500 ml conical flasks, with 100 ml culture media containing the following (g/l): NH 4 CI -1.0; urea -0.3; KH 2 PO 4 -2.0; (NH 4 ) 2 SO 4 -1.4; MgSO 4 .7H 2 O -0.3; CaCI 2 .2H 2 O -0.4; maize extract -10 ml; Glucose -20; wheat spelts -10. The fermentation of mutant strains and strain Aspergillus awamori K-1 was carried out in 500 ml conical flasks, which consisting 50 ml media for cultivation: NaNO 3 -2.0; KH 2 PO 4 -1.0; MgSO 4 .7H 2 O -0.5; FeSO 4 -0.01; KCI -0.5; wheat spelts -1%; maize spelts -2%. рН was not corrected.
Media for the growing the strain Aspergillus oryzae PP and mutant strain R5 were the Czapek's fermentation media with a carbon source and inducted starch. The media was placed in 500 ml conical flasks, with 100 ml media containing (g/l): NH 4 NO 3 -3; KH 2 PO 4 -1; KCI -0.1; maize extract -10 ml; potato starch -60; soy-bean flour -40; tapwater. The fermentation of parent strain Aspergillus oryzae PP and mutant strain R5 were placed in 500 ml conical flasks, which contained 50 ml media (g/l): Czapek's with potato starch -50; soy-bean flour -20; wheat bran -10. The рН was not corrected.
Enzyme assays
The α-amylase activity was determined according to the SKB method (3, 11) and one unit of α-amylase activity was defined as the amount of enzyme, which catalyzes hydrolysis of one gram soluble starch to hydrolysis range 30% at the temperature 30°C, pH 4.7 and time 10 minutes.
The xylanase activity was determined according to the method described by Somogi-Nelson (12) , and one unit of xylanase activity was defined as the amount of enzyme, releasing 1 µmole of xylose equivalent per min under standard conditions.
Protein determination
The protein concentration of enzyme preparations was determined according to Lowry et al. (9) , using bovin serum as standard.
Molecular weight purification (GPC)
The fungal organisms A. awamori K-1 and mutant strains A45 were grown in potato-dextrose agar. Then after fermentation, the culture filtrates were collected separately by filtration process through ultrafiltration cells Vivaspin 20 -3000 MWCO (Sartorius Stedim Biotech S.A.). The culture filtrate, containing endoxylanase and α-amylase activities were applied into a gel permeation chromatography system (GPC) whit HPLC column, (Water Breeze System 2, Waters). We used a HPLC column (Bio Suite). The columns were equilibrated with 0.3 mM phosphate buffer and standard proteins with molecular weight at 10 for 100 kDa. The enzyme fractions were eluted in the same buffer and after that we assayed the amount of protein, α-amylase and endoxylanase activities. The fractions containing α-amylase and endoxylanase activities were combined and were analyzed by gel electrophoresis. of molecular weight in accordance with the procedure of Laemmli et al. (6) . For the analyses of enzyme fractions by polyacrylamide gel electrophoresis we used specific standard molecular markers.
Gel Electrophoresis (SDS-PAGE)
Results and Discussion
The main objective of the present study was to identification and characterization of enzymes α-amylase and endoxylanase of Aspergillus oryzae PP and mutant strain R5 and respectively Aspergillus awamori K-1 and mutant strains A45. The investigated strains were cultivated in fermentation media, described in part "Materials and Methods". Culture filtrates of investigated strains were obtained after 72 h and 96 h of growth and in Table 1 is shown the biochemical characteristics of α-amylase and endoxylanase activities. We obtained a maximal α-amylase activity in 96 h and endoxylanase activity in 72 h of the start of the fermentation process, which probably was due to appropriated pH of the media during the time of the fermentation. The production of enzyme α-amylase from parent strain Aspergillus oryzae PP was 1984.08 [IU/ml] and α-amylase activity of mutant strain R5 was 3622.7 [IU/ml].
The production of enzyme endoxylanase from parent We determined that the investigated mutant strains, cultivated in the same media, synthesized higher amounts of enzymes α-amylase and endoxylanase in comparison with the parent strain. Probably the higher α-amylase and endoxylanase activity of the mutant strains was due to genetic changes in resulted of irradiation and the high pH in the media for the time of the fermentation. The second step of the experiments consisted in finding effective method of protein concentration and isolation from the culture fluid. α-amylase and endoxylanase preparations were obtained by ultrafiltration with Vivaspin 20 -3 000 MWCO (Sartorius Stedim Biotech S.A.) at room temperature. The culture filtrate, containing endoxylanase and α-amylase activities were applied into gel permeation chromatography system (GPC) with HPLC column. By GPC method were analyzed all the liquids fractions of the strains. Figure 1 represents the eluation profiles by GPC method of investigated enzymes, produced by Aspergillus oryzae PP, Aspergillus awamori K-1 and mutant strains R5 and A45 by the fractions with predominated α-amylase and endoxylanase activities. From the analyses of chromatographers (Fig. 1) and comparing the time of detention of proteins in cultural liquids, we determined that enzymes α-amylase of strain Aspergillus oryzae PP (1) and mutant strain R5 (2) were contained in the pike with time of detention of protein molecule 21 minutes. The molecular weight of enzymes α-amylase was 57 kDa. Analyzing the chromatographic pictures of cultural liquids of strain Aspergillus awamori K-1 (3) and mutant strain A45 (4), we determined that endoxylanase activity was in a pike with the time of detention of proteins 23 minutes, and the defined molecular weight was 31 kDa.
The results of the fractioning of the cultural liquids of strains Aspergillus oryzae PP, Aspergillus awamori K-1 and mutant strains R5 and А45 with be held α-amylase and endoxylanase activities by GPC method were confirmed by SDS-PAGE electrophoresis. The single protein band, visualized as α-amylase and endoxylanase, is shown in Fig.  2 . The protein fractions were determined by densitometric scanning. The relative mobility of protein fractions in Rf value and corresponding molecular weight of each sample was determined. We have observed one line for α-amylase with molecular weight 57 kDa and one line for endoxylanase with 32 kDa. The relative molecular mass of the enzymes determined by this method were 57 kDa and 32 kDa. These results were supported by the author's collectives (10, 2) . It is necessary to use other methods to purify the enzymes α-amylase and endoxylanase, because by the SDS -PAGE electrophoresis were obtained a lot of bands.
We used protein fractions of α-amylase and endoxylanase activities for determining pH and temperature optimum. The temperature optimums for enzymes were investigated through incubation at probes at 20 to 70°С. The results of these incubations are presented in Fig. 3 .
The results of these experiments are represented in Fig. 3 . We have concluded that maximal specific amylase activity for strain Aspergillus oryzae PP and mutant strain R5 were in temperature 40°С -190 (2) pH optimum for the action of enzymes α-amylase at strain Aspergillus oryzae PP and mutant strain R5 and endoxylanase from parent strain Aspergillus awamori K1 and mutant strain А45 were determined by using the buffers with different pH values. In Fig. 4 are represented the results of these experiments. Fig. 4 . pH optimum for actins of enzymes α-amylase at strain Aspergillus oryzae PP and mutant strain R5 (1) and endoxylanase at strain Aspergillus awamori K-1 and mutant strain А45 (2) We have concluded that the specific amylase activities for strain Aspergillus oryzae PP was at pH 4. figure 4 we have observed that in рН values over these, the specific enzymes activities for the investigated enzymes have decreased. These results were supported by the other author's collectives (1).
Conclusions
The result of our experiments was an increase of the α-amylase and endoxylanase activities of parent strains Aspergillus oryzae PP and Aspergillus awamori K-1 and mutant strains R5 and A45. That showed the possibility to use this method of concentration and purification by HPLC column with Gel permeation chromatography. The obtained new strain was examined for biosynthesis of the enzymes α-amylase and endoxylanase on the Czapek's fermentation media and it had 2 times higher activity respectively, compared to the parential strain of Aspergillus oryzae PP and Aspergillus awamori K-1. This study has revealed a real possibility to obtain the enzymes α-amylase and endoxylanase by method of concentration and partly purification with GPC method. We have determined higher amount of the investigated enzyme α-amylase with molecular weight 57 kDa, temperature optimum 40°C and pH optimum 4.7, and for the investigated enzyme endoxylanase the molecular weight was 32 kDa, temperature optimum 40°C and ph optimum 4.0.
